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Chapter 3 
Methodology 
3.1. Molecular Dynamic simulation 
Molecu1ar dynamics simu1ation is a computer simu1ation in which atom; and molecules are 
allowed to interact for a period of time. 1he material behavior and its deformation are descnbed 
in atomistic modeling. 1he pmpose of molecular simu1ation is to mderstand the properties of 
molecules in term; of their structure and the microscopic interactions between them 
3.2. Speciation of the System 
System composition is an important issue for any studies involving simu1ation of the 
alkanoJamine system;. In order to replicate true behavior of the system in actual life, speciation 
of the system needs to be determined accurately. On the other hand, modeling of the molecular 
entities in first place requires information about composition of the system because major 
molecules and species which have the higher concentrations in the system have to be modeled. 
This includes both liquid and gas phases. For the gas phase, it is carbon dioxide and the 
concentration of impurities was disregarded and for the liquid phase or - in other words - the 
amine sohrtio n 
In this work, the speciation of MDEA and AMP solution are taken from literature which is based 
on experimental measmements. Due to Jack of enough experimental data for temperature and 
molarities, it was very problematic to find the exact speciation of the system of interest. 
Considering this, approximation of liquid composition around the available experimental data, 
which are close to the condition of interest, had to be made. Speciation of the liquid phase in this 
thesis has been detennined mainly based on reactions and experimental data given by Huang et 
al (2011). 
Huang et al (2011) have reported seven different concentration of the solvent system in which 
MDEA concentration was varied as 1.0 and 1.5 krnolm"3, and that of AMP, as 0.1, 0.2, 0.3, 0.4 
and 0.5 kmo1m·3 at 30, 35, and 40°C. The concentration of 1.0 kmolm"3 aqueous MDEA and 0.5 
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kmolm-3 AMP at 35 and 40°C was chosen for the system of otrr interest. Presstrre is kept 
constant at 1 atm to achieve an equilibrium density. 
3.3. Molecular structure 
Once molecule speciation of the system is determined, modelling of the decided species can be 
started. For this research fotrr d:iffurent species had to be modelled. They were AMP, MDEA, 
water and carbon dioxide molecules. The molecuhr structtrres are downloading from 
ChemSpider database. 
3.3.1 Geometry optimi7.ation 
1he georretry optimization step was done prior to the creation of Amorphous Cell box in 
Materials Studio software. Type of forcefield used is COMP ASS and summation rrethod used is 
Ewald. Continuously adjust dihedral angles of bond orbit until interaction minirrnnn, the 
optimum molecular structtrre is achieved. 
3.3.2 Simulation box 
In order to perform the MD simulation, the amorphous cell simulation box was constructed 
consisting of 30 molecules of AMP, 45 molecules of MDEA and 543 molecules of water for 
binary system, and 20 molecules of AMP, 30 molecules of MDEA, 28 molecules of carbon 
dioxide and 296 molecules of water for tertiary system The size of simulation box was referring 
to the amomt of molecule in amorphous box. In principle, size of the simulation box should be 
appropriately chosen so that the box can contain dimensions of the :fluctuations or interactions 
which are supposed to be observed dtrring the simulation (Fannahini, 2010). 
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Figure 3.1: 2-Dimension and 3-Dimension view of simulation box at 35°C 
(2-dimension) (3-dimension) 
Figure 3.2: 2-Dimension and 3-Dimension view of simulation box at40°C 
3.3.3 Equilibrium phase under NVE and NVT ensemble 
Micro canonical ensemble (NVE) and canonical ensemble (NYI) keeps the energy (E) and 
temperature (1) constant (Farmahini, 2010). Even in a constant NVE simulation it is corrnnon 
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